The pre-fermentative cold soak (CS) is proposed so as to extract and stabilise polyphenolic compounds in wines. CS is applied empirically to Cabernet Sauvignon in Cuyo, Argentina; however, there is poor scientific background on this technique. The aim was analyse the effect of cold soak time on colour parameters such as total polyphenols, total anthocyanins, tannins, colour and polymerisation indexes. Moreover, Saccharomyces and non-Saccharomyces populations were studied to evaluate their impact on colour. Cabernet Sauvignon must (Pedernal, San Juan) was distributed into four vessels: CONTROL (CT): simultaneous maceration and alcoholic fermentation (AF) with commercial yeast D254; T1: CS for two days; T2: CS for five days; and T3: CS for seven days. T1, T2 and T3 were maintained at 4 ± 1°C during CS. They were later inoculated with D254 (AF: 22 ± 1°C). The total polyphenol index (TPI), total anthocyanins (TA) and tannins were quantified during CS and AF. The colour index (CI) and polymerisation index (PI) were determined at the end of AF. The total yeast populations of Saccharomyces and non-Saccharomyces were quantified during CS and AF. The highest values of TA, tannins, TPI and PI were obtained by CT. This treatment also registered the highest total yeast population and the highest total yeast death. The highest CI was observed in T3. When Saccharomyces was found at the end of CS (T1 and T2), it dominated the alcoholic fermentation in the early stages (not observed in CT and T3). The use of the pre-fermentative CS technique in Cabernet Sauvignon wines is promising for young wines due to the increased colour obtained.
INTRODUCTION
Phenolic compounds (e.g. anthocyanins, tannins) are responsible for wine colour and flavour characteristics (Ribéreau-Gayon, 2006) . Their presence in wine depends on several factors, such as grape variety, maturity, climate and vinification techniques (González-San José et al., 1990; González-Neves et al., 2012) . The colour of red wines, an important quality factor, is primarily dependent on anthocyanins and their concentration, and metabolites that are accumulated in the grape skin (Mangani et al., 2011; González-Neves et al., 2012) . Despite this, there is no direct relationship between anthocyanin concentration and wine colour . Ribéreau-Gayon (1982) did research on anthocyanin extraction and the time of traditional maceration and found than these increase to a maximum during the first five or six days of maceration. Different conditions affect anthocyanins and wine colour, such as pH (Somers & Evans, 1974; Brouillard, 1982; Cheynier et al., 2006; Kammerer, 2016) , dose of SO 2 (Casassa, 2007; Kammerer, 2016) , copigmentation of anthocyanins (Boulton, 2001; Casassa, 2007; Cavalcanti et al., 2011; Benito et al., 2017) , anthocyanin-derived pigments (Morata et al., 2003; Jackson, 2014; Benito et al., 2017) , and anthocyanin and tannin polymerisation (Ribéreau-Gayon, 1982; Jackson, 2014) .
For a few decades, techniques have been studied to extract higher polyphenol concentrations and improve the final colour of wines (Marais, 2003) . Cold soaking (CS), also known as pre-fermentative cold maceration or cryomaceration, is one of them. This technique consists of maintaining crushed grapes at low temperatures (0°C to 15°C) (Reynolds et al., 2001; Marais, 2003; De Beer et al., 2017) for a variable time period (from a few hours to one to two weeks) (Gómez-Míguez et al., 2007; Heredia et al., 2010) . The beginning of the fermentation process is therefore delayed (Heredia et al., 2010) . The purpose of CS is to increase the extraction and stabilisation of the polyphenolic compounds (anthocyanins and tannins with low molecular weight) in the liquid phase and to make the extraction during the fermentative process as short as possible to avoid the extraction of bitter tannins from the seeds that is increased by the presence of ethanol (Álvarez et al., 2006) . Previous studies suggest that an increase in the duration of CS must be studied with the purpose of increasing polyphenol extraction (Marais, 2003; Casassa, 2007) . On the other hand, when the maximum extraction is reached, the processes of dissolution and diffusion stop (Boulton, 2001 ), or it is even re-adsorbed, and the risk of large-size populations of contaminant yeasts increases. There are several CS studies in which time is a variable: one day (De Beer et al., 2006) , two days (De Beer et al., 2006) , six days (Zou et al., 2002) , seven days , and up to 10 days (Reynolds et al., 2001) . Also, due to the facilitation of anthocyanin extraction and the availability of copigments at the start of vinification, copigmentation would be favoured and could be responsible for the intensification of colour (Cavalcanti et al., 2011; Casassa et al., 2015) . The colour intensification generated by copigmentation could be between two and six times higher (Boulton, 2001; Casassa, 2007; Baiano et al., 2015) in respect to the anthocyanins without copigments.
The main variables affecting pre-fermentative cold soak, such as temperature and the time extension, have a direct impact on the yeasts involved in the fermentation process. The CS technique is critical to the quantitative and qualitative microbiological composition of the must during the prefermentative phase (Hierro et al., 2006; Albertin et al., 2014; Maturano et al., 2015) . The natural bio-selective effect exerted by ethanol is absent; moreover, low temperatures during a certain time favour the development of cryotolerant yeast populations that could affect the performance of the subsequent alcoholic fermentation (Hierro et al., 2006; Mendoza et al., 2009 ). Low temperatures have been shown to modify the conditions of competition between Saccharomyces and non-Saccharomyces yeasts, e.g. modifying the permeability of the membrane. (Fleet 2003, Fugelsang and Edwards 2006) . The development of some non-Saccharomyces yeasts could cause a scarcity of some essential nutrients for S. cerevisiae in the medium (Maturano et al., 2015) , and this may be attributed to the fructophilic or glycophilic nature of these non-Saccharomyces yeasts (Granchi et al., 2002) . Even the inhibition of S. cerevisiae by non-Saccharomyces species is mediated by the release of acetaldehyde and acetic acid (Mortimer, 2000; Mendoza et al., 2007) or killer toxins (Liu et al., 2013) .
Both Saccharomyces and non-Saccharomyces yeasts can produce enzymes of oenological interest, such as cellulases, xylanases, pectinases and β-glucosidases (Fleet, 2003; Maturano et al., 2012) . Therefore yeast could have a positive influence on wine colour, enhancing phenolic compound extraction by cell wall-degrading enzymes (Charoenchai et al., 1997; Fernández et al., 2000; Strauss et al., 2001; Maturano et al., 2012) , forming new derived pigments due to the release of acetaldehyde, pyruvate or vinylphenols (Asenstorfer et al., 2003; Morata et al., 2003; Eglinton et al., 2004; Jackson, 2014) , and increasing the stability of the wine colour, including ethanal bonds between anthocyanins and tannins (Chalier et al., 2007; Domizio et al., 2014) .
Nevertheless, yeasts could have a negatively effect on colour, degrading anthocyanins by β-glucosidase activity (Mateo & Di Stefano, 1997; Manzanares et al., 2000; Vernocchi et al., 2015) and/or by them being absorbed by the cell walls (Morata et al., 2003 (Morata et al., , 2016 .
The cold soaking technique is used in Argentina for the third-most planted cultivar in the country, Cabernet Sauvignon (Instituto Nacional de Vitivinicultura, I.N.V.: http://www.inv. gov.ar), although without conscious evaluation of its effect on organoleptic or colour properties. Not much scientific background was found for this technique in its application in Merlot and Malbec regional wines (Casassa, 2007; Casassa et al., 2007) , and in regional Cabernet Sauvignon (Maturano et al., 2015) . This cultivar has achieved great success as a new world and old world wine (Robinson, 2006) . The Argentinian Cabernet Sauvignon is probably originally the Chilean one, introduced by Don Silvestre Ochagavia in 1851 (Pelsy, 2010) , and it is relevant to study this varietal because of its regional application.
The aim of this work therefore was to investigate the effect of duration of cold soak on colour parameters such as anthocyanins and related molecules, stable colour and the colour index in a Cabernet Sauvignon wine, to study the proportions of Saccharomyces and non-Saccharomyces yeast populations during cold soak and alcoholic fermentation, and to analyse the effect of yeasts on colour.
MATERIALS AND METHODS

Grape must, fermentations and sampling
Grapes of Vitis vinifera cv. Cabernet Sauvignon (Pedernal, San Juan) were harvested by hand from vineyards located in Pedernal (lat. 31°59′ S, long. 68°44′ W, 1 043 meters above sea level), San Juan, Argentina, between 19:00 and 20:00 on 2012-04-20. The grapes were at 24°Brix (handheld refractometer), with a pH of 3.8 (Adwa ® -AD8000) and good sanitary conditions. They were processed after half an hour using a horizontal destemmer (Delta ® ). Grape must was distributed among 12 sterile glass containers (20 L capacity), containing 14 L each (three replicates per treatment: n = 3), and placed in a refrigerating chamber (4 ± 0.5°C). The experimental design was completely randomised. During vatting, SO 2 (50 mg/L) was added (the initial grape must sample was previously taken out) and homogenised.
Treatments were performed in the following way: Treatment 1 (T1), Treatment 2 (T2) and Treatment 3 (T3) were executed with pre-fermentative cold soak (CS) at 4 ± 0.5°C in a refrigerating chamber, for two, five and seven days respectively. At the end of each pre-fermentative CS period and prior to yeast inoculation, the musts were warmed up to 22 ± 1°C. Later, the vessels were inoculated with 0.3 g/L (2 x 10 6 cells/mL) of the commercial active dry yeast, Saccharomyces cerevisiae Lalvin D254 (Lallemand Inc., Montreal, Canada). Alcoholic fermentation (AF) was performed at 22 ± 1°C, with one daily manual shake. A control treatment (CT) was included, which consisted of the inoculation of the same fresh must (without CS) with S. cerevisiae D254 and simultaneous maceration and AF under the same conditions as those of the CS treatments.
Samples were taken on day 0 (Initial must), during CS on day 1 and 2 for treatment 1, on day 1, 2 and 5 for treatment 2, and on day 1, 2, 5 and 7 for treatment 3; and during the initial, middle (1 040 to 1 050°Be) and final alcoholic fermentation (990 to 995°Be). AF was controlled by density in °Baumè, measured by a densimeter, and by measurements of temperature and residual reducing sugar (Miller, 1959) .
Ethanol, pH, titratable and volatile acidity, and dry extract and glycerol contents were obtained using a FOSS WineScan (FT-120) rapid-scanning infrared Fouriertransform spectrometer with WineScan software Version 2.2.1 (FOSS, Hillerød, Denmark). Residual reducing sugars were determined following the official reference method (O.I.V., 1990) and free and total SO 2 levels were determined using the aspiration method (Iland et al., 2004) .
Spectrophotometric analysis
The total polyphenol index was determined as describes by Ribéreau-Gayon (1998), with modifications, by direct reading of the absorbance of the samples (1:50 dilution) at 280 nm and then multiplying the result by 50. Total anthocyanins were measured by diluting the sample (1:20) with 1% p/v hydrochloric acid (0.1 M). Spectrophotometric readings of single treated aliquots at 520 nm were then compared by interpolating with a curve of known concentration of malvidin-3-glucoside (Cadot et al., 2011) . Tannins were estimated through total phenols and total anthocyanins (Kennedy et al., 2006) . The polymerisation index was determined by diluting the sample (1:10) in a buffer (model wine, 0.5% w/v tartaric acid in 12% v/v ethanol adjusted to pH 3.4 and 5 M NaOH) and 0.375% w/v sodium metabisulphite, after which the absorbance was read at 520 nm (Somers & Evans, 1974 , 1977 . The percentage of polyphenol extraction was calculated with reference to the maximum extracted. The colour index was calculated by the protocols of Sudraud (1958) , and as found on the website of the Instituto Nacional de Vitivinicultura (I.N.V.) (n.d.).
Total yeast population
Decimal dilutions (0.1 mL) were plated onto Wallerstein Laboratory (WL) nutrient agar medium (Oxoid, Hampshire, UK), supplemented with 0.2 g/L dichloran (Fluka A.G., St. Gallen, Switzerland) and 0.5 g/L chloramphenicol (Sigma Aldrich, Saint Louis MO, United States) to inhibit moulds and bacteria respectively. Petri dishes were incubated at 25°C for five days. The colonies were counted (total viable yeasts) and the results were expressed in colony-forming units per mL (cfu/mL). Each colony was plated on lysine agar, which inhibits Saccharomyces, to distinguish between Saccharomyces and non-Saccharomyces yeasts (Fowell, 1965; Kurtzman et al., 2011) .
Data analysis
Each analysis was done independently and the results were presented as the means of three determinations with the corresponding standard deviation (± SD). The Infostat/ Professional version 1.5 (Estadística y Diseño, FCA, Universidad Nacional de Córdoba, Córdoba, Argentina) was used for data analysis. The chemical and chromatic effects of the winemaking treatments were evaluated by one-way analysis of variance (ANOVA) with a 5% level for rejection of the null hypothesis. Tukey's honestly significant difference (HSD) test was used as a post hoc comparison of means.
RESULTS
Standard wine parameters
The Control Treatment (CT) and Treatment 1 (T1) wines registered higher glycerol and higher titratable acidity compared with Treatment 2 (T2) and Treatment 3 (T3), while the latter contained higher residual sugars and higher dry extract (Table 1 ). The volatile acidity of CT was significantly lower than that registered in the CS treatments; nevertheless, all treatments were below the established legal limit (1.2 ± 0.20 g/L) (acetic acid), as found on the INV website.
Colour analysis during cold soak and alcoholic fermentation Total polyphenol index (TPI)
Cold soaking (CS): Fifty-nine percent of total polyphenols were extracted during the CS in Treatment 1 (35.3 ± 1.2), and Volatile acidity (g/L) 0.25 ± 0.01a 0.32 ± 0.01b 0.33 ± 0.01b 0.31 ± 0.01b
Titratable acidity (g/L) 7.02 ± 0.03b 6.95 ± 0.03b 6.27 ± 0.08a 6.46 ± 0.03a
Density (g/mL) 0.99 ± 0.01a 0.99 ± 0.01a 0.99 ± 0.01a 0.99 ± 0.01a
Glycerol (g/L) 8.01 ± 0.19b 7.46 ± 0.03b 6.28 ± 0.12a 6.51 ± 0.05a
Residual sugars (g/L) 2.04 ± 0.49a 2.37 ± 0.45a 3.67 ± 0.35b 3.90 ± 0.03b
Free SO 2 (mg/L) 9.00 ± 6.01a 3.50 ± 0.50a 7.50 ± 1.50a 9.00 ± 0.01a
Total SO 2 (mg/L) 51.50 ± 3.50a 26.50 ± 2.50a 42.00 ± 9.01a 52.50 ± 1.50a
Dry extract (g/L) 36.67 ± 1.83a 38.63 ± 0.05a 44.1 ± 0.84b 46.09 ± 1. 66% and 71% were extracted during the CS of Treatment 2 and Treatment 3 respectively (T2: 36.45 ± 1.9; T3: 40.2 ± 2.3) (Fig. 1) .
Alcoholic fermentation (AF):
An extraction curve of polyphenols with a high rate at the beginning and a lower rate as the experiment progresses was described by CT, T1 and T2. Despite a decrease in the total polyphenol index registered at the beginning of AF by CT (Fig. 1) , further measurements showed a progressive increase in this treatment, significantly exceeding the rest of the treatments (TPI: 71.15 ± 2.3). At the end of AF, the CS treatments (T1, T2 and T3) reached values between 55.45 ± 2.7 and 56.75 ± 2.8; there were not significant differences among them. It is remarkable that T3 presented an increase after the middle of AF.
Total anthocyanins (TA)
Cold soaking: A total of 75.16 ± 0.2% of TA was extracted during the CS period by T1, T2 and T3, describing an extraction curve with a high initial rate and a decreasing rate during the process, reaching a maximum of nearly 1.2 g/L of total anthocyanins (at a maximum on the fifth day of maceration). Also, after the fifth day of CS, a loss of TA (6.77%) was shown by T3 (Fig. 2) .
Alcoholic fermentation (AF):
At the beginning of AF, a decrease in TA was registered in CT, T1 and T2. Later, up until the middle of alcoholic fermentation, a vigorous extraction of TA was shown by CT and T1, reaching the highest values (1.915 ± 0.08 g/L) of the present work (Fig. 2) . Nevertheless, after the middle of AF, an important decrease in TA was registered. Despite this behaviour, the highest total anthocyanins extracted (1.69 ± 0.09 g/L) was registered by the control at the end of AF, followed by Treatment 1. Treatment 3 showed a slight extraction of total anthocyanins with respect to the rest of treatments, until the middle of alcoholic fermentation, when the extraction rate increased, reaching 1.46 ± 0.08 g/L at the end of AF. However, Treatment 3 registered the lowest extraction of TA -significantly lower than that of the control (Fig. 2) .
Tannins
Cold soaking: At the beginning of this period, on the first day, a slight loss of tannins was registered by all CS treatments. These then showed a constant increase until the end of CS (Fig. 3) . Moreover, from the 5 th to the 7 th day, a 40% increase in total tannin content was shown by T3 in comparison to that of the initial must.
Alcoholic fermentation:
The highest extraction rate at the beginning of AF and from the middle to the end of alcoholic fermentation was shown by the control treatment, reaching the highest tannin concentration reported in this work (1.87 ± 0.07 g/L). Treatment 3 reported an initial loss of tannins, although the tendency changed later, as well as that of the control. Therefore, the tannin extraction increased from the middle to the end of AF, obtaining higher values with significant differences between CT and T3, and with respect to T1 and T2. The T3 results in this work show that the cold soak treatment extracted more tannins (Fig. 3) .
Wine colour
The highest polymerisation index (PI) (pigments stable to SO 2 bleaching) was quantified in the CT (2.73 ± 0.01) (Fig. 1) . Moreover, the highest TA and tannins (both previously described) were registered in the CT (Fig. 2) . Nevertheless, is important to highlight that this treatment obtained a significantly lower colour index than T3 and T1 (CI = 1 457 ± 10) (Fig. 4) . The highest CI in this assay was registered by Treatment 3, which reached 1 522 ± 6, in spite of the low total anthocyanin concentration of these wines (TA: 1.46 ± 0.08 g/L) compared to the rest of treatments (Fig. 4) . Moreover, T3 reached a polymerisation index that was significantly lower than that of CT.
Yeast populations Total yeast population
On the first day of the cold soak (CS) period, the CS treatments registered an average of 53% of the increase in the total yeast populations (TYP) with respect to must that had just been crushed (Fig. 5B, C and D) . A decrease was registered on the second day, when similar values to that from the must were obtained. On the fifth day of CS, Treatments 2 and 3 suffered a decrease of 20% in the TYP in comparison with the second day ( Figure 5C and D). In the case of Treatment 3, TYP increased by 450% with respect to the fifth day of the final pre-fermentative stage ( Figure 5D ). During alcoholic fermentation, the highest cell total population in the middle of AF (1.73E + 07 cfu/mL) and a low cell population at the end of AF (1.45E + 06 cfu/mL) were registered by the control treatment ( Figure 5A ). The lowest population in the middle of AF (9E + 06 cfu/mL) and the lowest cell population at the end of AF (1.33E + 06 cfu/mL) were obtained in Treatment 3 (Figure 5A to D). 
Saccharomyces and non-Saccharomyces populations
Eighty-seven percent of non-Saccharomyces populations and 13% of Saccharomyces populations were found at day 0, just after the grapes had been crushed. During the CS, non-Saccharomyces yeasts predominated in the grape must of the different treatments (more than 60%). Moreover, the proportions of Saccharomyces and non-Saccharomyces yeasts were modified throughout the pre-fermentative stage (Fig. 5B, C and D) . Treatment 1 ( Figure 5B ) (two days of cold soak) showed an increase in native Saccharomyces of more than 20% during CS, compared to 37% recorded in initial must inoculated with commercial Saccharomyces before the start of AF. Treatment 2 (Fig. 5C ) (five days of CS) registered fluctuations, although the proportions of native Saccharomyces before the inoculation of the commercial S. cerevisiae were similar to the initial proportions in the must (10%). Finally, in Treatment 3 (Fig. 5D ) (seven days of CS), the non-Saccharomyces yeast dominated the must and no Saccharomyces was found at the end of CS, in spite of the variations in the populations.
During AF, after inoculation with commercial S. cerevisiae, Saccharomyces was dominant in T1 and T2 (between 90% and 99%) ( Fig. 5B and C) . T1 and T2 were the treatments in which higher proportions of S. cerevisiae were found during AF. Nevertheless, a different situation was observed during the same period in CT and T3 (Fig. 5A  to D) . High proportions of non-Saccharomyces yeasts were registered in CT and T3, predominating Saccharomyces only at the end of AF.
DISCUSSION
The extraction curve of total anthocyanins (TA) (Fig. 2) during the cold soak (CS) describes a high extraction rate at the beginning of this period and a decrease in the extraction rate as it progressed, reaching a maximum of nearly 1.2 g/L. These results are in agreement with the general physicochemical phenomenon of "saturation", which is mostly dependent on the temperature (4°C during CS) and "extraction equilibrium" (hydric medium during CS). Under these stable conditions, colour molecules cannot continue flowing from the grape skins to the hydric medium beyond the equilibrium, so that the saturation level depends on their concentration inside the grapes (Boulton, 2001 ). The maximum reached by Treatment 3 therefore is possibly related to the equilibrium of the molecules under such conditions. Furthermore, after the fifth day of CS, a loss of TA was shown by T3, probably related to polyphenol oxidase (PPO) enzymes from the grapes. These enzymes were probably active due to the absence of vigorous fermentation and hence the presence of dissolved oxygen, transforming phenols into quinones (Casassa, 2007) . It is also important to highlight the increase in total yeast population (450%), of which non-Saccharomyces yeasts represented 100% of the yeasts. This fact could be explained by the development of cryotolerant yeast populations that would have been favoured at 4°C (Hierro et al., 2006; Maturano et al., 2015) . The increase in the total yeast population (considering the size of the population in this treatment, 1.39E + 4 cfu/mL) during CS could have accelerated anthocyanin degradation by β-glycosidase enzymes due to the cleaving of the glycosidic residue from anthocyanins and making them unstable (Mateo & Di Stefano, 1997 Vernocchi et al., 2015) . Nevertheless, Boulton (2001) says the β-glycosidase is inactive when the glucose concentration is high. During AF, two different behaviours related to anthocyanin were registered (Fig. 2) . The first was described in the control treatment (CT) and Treatment 1 (T1), which extracted the highest amounts of TA until the middle of alcoholic fermentation (AF). In the CT, this fact could be explained by the similar proportions of Saccharomyces and non-Saccharomyces yeast populations during AF. It has been reported that non-Saccharomyces yeasts secrete polysaccharide-degrading enzymes (Strauss et al., 2001; Maturano et al., 2012) , probably influencing grape cell-wall degradation and enhancing polyphenol extraction. After the middle of alcoholic fermentation, the loss of TA by CT and T1 could be attributed to several factors, for example adsorption to solids like (i) grape skins; in a classical vinification only 33.3% of the polyphenols are extracted , and the competition between anthocyanins and tannins should be taken into consideration (Bautista-Ortín et al., 2016) , (ii) yeast cell walls (~10%) (Bautista-Ortín et al., 2016; Morata et al., 2016) and (iii) bitartrate crystals ). It could be inferred that the yeast cell walls are the main factor due to the large size of the yeast populations at this point.
On the other hand, different behaviour was described in T2 and T3, where the loss of TA after the middle of AF was not observed. These findings are in contrast to those reported by Amrani Joutei and Glories (1984) and Ribéreau-Gayon et al. (2006) , who describe the saturation or even loss of TA extraction in late AF. This behaviour -of not decreasing TA -could be explained by a possibly higher copigmentation phenomenon of these treatments induced during CS due to facilitated anthocyanin extraction and the availability of copigments (Mazza & Brouillard, 1987; Cavalcanti et al., 2011; Casassa et al., 2015) . Copigmentation possibly would have protected the anthocyanins from enzyme degradation (Mazza & Brouillard, 1987; Boulton, 2001; Hermosín Gutiérrez, 2003; Jackson, 2014) , but it mainly would have prevented the adsorption of anthocyanins to the yeast cell walls (Boulton, 2001) . 1 In relation to tannins (Fig. 3) , T1, T2 and T3 registered an initial loss during the CS period. This could be related to hydro-soluble skin grape tannins released during this period. These have a large mPD (medium polymerisation degree), and could undergo precipitation . Later, an increase in tannins was registered in T3 at the end of CS. This is probably related to the increase in total yeast populations, mainly non-Saccharomyces, which could release polysaccharide-degrading enzymes of the cell wall, thereby increasing the release of polyphenols (Strauss et al., 2001; Maturano et al. 2012) . These could also be atypical data, since tannins decay abruptly at the beginning of AF.
At the beginning of AF, the higher extraction of tannins probably was related to skin tannins. According to MorelSalmi et al. (2006) , condensed tannins are major phenols and the main polymeric compounds. The subsequent lower extraction is probably related to seed tannins, which need ethanol to ensure dilution and extraction . Nevertheless, the CT, just as T3, did not follow typical curves ) and seemed to describe the previous state to stabilisation.
The total polyphenol index (TPI) is mostly dependent on the concentration of anthocyanins and tannins. The results showed that an increase in time of CS at the assay temperature (4°C) could increase the total polyphenol extraction in this period (Fig. 1) . Similar results were obtained by Casassa (2007) , who applied CS (seven days at 4°C) to Malbec grapes and reported similar TPI values during this period. CT, T1 and T2 described typical extraction rates (Ribéreau-Gayon, 1982; Vila et al., 2009) and, after AF, all treatments had a TPI of higher than 55, which is high enough to be considered as premium wines (Zoecklein et al., 1995; Nazrala et al., 2009) . However, the TPI trend at the end of AF in T3, where the extraction rate did not decrease, was unlike that reported by Ribéreau-Gayon (1982) and Vila et al. (2009) . As mentioned above, this fact could be attributed to an increase in TA and tannins during the same period in T3.
At the end of AF, the highest polymerization index (PI) value was reached in CT, and this is in logical concordance with the highest total polyphenol index value reached by this treatment, which is in agreement with the behaviour described by Glories (1984) and Escribano-Bailón et al. (2001) (Fig. 4) . The opposite happened with PI in T3, which had low PI and low TPI. Also, the higher PI of the Control and lower PI of Treatment 3 could be related to the total yeast population achieved and the minor populations at the end of AF, as a result of the cell death registered in each treatment. During fermentation and after the yeasts die, the cells undergo autolysis, releasing mannoproteins from the cell wall (Morata et al., 2003; Alexandre & GuillouxBenatier, 2006) , specially some non-Saccharomyces yeast species (Giovani et al., 2012; Suárez-Lepe & Morata, 2012) . In this way, the polymerisations between anthocyanins and tannins could have been enhanced in CT but not in Treatment 3 (Chalier et al., 2007; Domizio et al., 2014) .
Despite of the low values of TA registered compared with the rest of treatments, what is outstanding is that T3 registered the highest colour index (CI) in the present work. This could be explained by the colour intensification of copigmented anthocyanins (30% to 50% colour intensification of a young wine) (Boulton, 2001; Baiano et al., 2015) , which possibly occurred due to the larger CS time of this treatment. The different behaviour reported by T3 supports the hypothesis of a copigmentation: this treatment never showed a decrease in anthocyanin extraction; in contrast, it increased slightly and continuously because it did not suffer anthocyanin degradation or adsorption to the cell wall (Boulton, 2001) .
In spite of D254 yeast inoculation in all treatments at the beginning of AF, Saccharomyces was found in low proportions until the end of AF in CT and T3 (Fig. 5A to  D) . On the other hand, Saccharomyces dominated the AF medium in T1 and T2 and cryotolerant strains were recorded (Fig. 5B and C) . With the exception of the CT, this data could be related to the contribution of cryotolerant strains of native Saccharomyces populations, which are probably better adapted to grape must (Barrajón et al., 2011) .
The chemical analysis revealed a normal to low content of glycerol (6.28 to 8.01 g/L) ( Table 1) (Ribéreau-Gayon, 2006) . Liu et al. (2016) reported 8.83 ± 0.5 g/L of glycerol in Cabernet Sauvignons wines from China. Titratable acidity (6.46 to 7.02 g/L), volatile acidity (0.25 to 0.33 g/L) and pH (3.86 to 3.89) were according to normal winemaking parameters (Ribéreau-Gayon, 2006 ). In the case of titratable acidity, the difference between CT and T1, and T2 and T3 could be explained by the time extension of maceration and the contact of the must with the grapes, where the liberation of potassium could precipitate tartaric acid (Reynolds et al., 2001; Casassa, 2007) . Regarding volatile acidity there were significant differences between the control and the CS treatments, with the latter being higher. This result is in contrast with that obtained by Ortega-Heras et al. (2012) , and studies have shown that some non-Saccharomyces yeasts even can produce less volatile acidity than Saccharomyces ones (Domizio et al., 2011) . Also, yeasts fermenting wines at low temperature obtain less volatile acidity and less acetic acid (Beltran et al., 2008) . Nevertheless, the presence of oxygen in fermentation absence could have benefited the temporal development of acetic acid bacteria. With reference to pH, Alañón et al. (2016) reported similar values in Brazilian Cabernet Sauvignons wines, with a pH of 3.87 ± 0.02. On the other hand, Liu et al. (2016) reported a pH of 3.25 ± 0.06 in Chinese wines. As far as the dry extract is concerned, a high content of ~25 to 30 g/L is considered positive (Ribéreau-Gayon, 2006) . These wines were outstanding, with values ranging between 36 ± 1.83 and 46.09 ± 1.75 g/L. T2 and T3 had significantly different higher residual sugars than CT and T1. This could have been influenced by the longer duration of the maceration and the enhanced time when nonSaccharomyces yeasts with higher β-glycosidase activity were present in the must. This probably cleaved glucose from cellulose and increased the residual sugars, which perform in the same alcohol concentration. The results of this work are in agreement with those of Casassa et al. (2015) , who obtained Cabernet Sauvignon wines with greater colour intensity (directly influencing the colour index) by applying cold soaking rather than traditional maceration. CONCLUSIONS Therefore, in agreement with the results reported above, it can be concluded that applying cold soak when making Cabernet Sauvignon wines is negative for wines that are to be aged due to the small amount of molecules such as anthocyanins and tannins extracted, which results in stable pigments. Nevertheless, it is promising for young wines in which a high colour index is required. We also can conclude that the microbiological aspect and its research is of major importance to take into account when colour aspects are researched. Furthermore, non-Saccharomyces yeasts are promising for obtaining better colour characteristics.
